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[0001] This application claims the benefit of United States Provisional Patent 
Application Nos. 60/403,342, entitled CARD CAGE SYSTEM and filed on August 13, 
2002, and 60/422,703, entitled CARD CAGE SYSTEM and filed on October 31, 2002, 
both of which are incorporated herein in their respective entireties by this reference. 
[0002] Further, this application hereby incorporates, in their respective entireties, the 
following United States Patent Applications filed the same day herewith: United States 

Patent Application Serial No. , entitled ADAPTER ELEMENT FOR CARD 

CAGE SYSTEM (presently designated as Workman Nydegger docket number 

15436.74.1.1); United States Patent Application Serial No. , entitled 

FUNCTIONAL MODULE WITH CARD GUIDE ENGAGEMENT FEATURE (presently 
designated as Workman Nydegger docket number 15436.75.1.1); and, United States 

Patent Application Serial No. , entitled ELECTROMAGNETIC 

RADIATION CONTAINMENT SYSTEM (presently designated as Workman Nydegger 
docket number 15436.76.1.1). 



O ^ « [0003] This invention is generally concerned with electronic equipment enclosures 
adapted to mechanically and electrically interface with plug-in type fiinctional modules. 
More particularly, embodiments of the invention relate to a card cage system that can be 
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readily customized by a user to accommodate a variety of functional module sizes, 
types, configurations, and arrangements. 

Related Technology 

[0004] Electronic equipment enclosures are used in a number of different industries and 
applications and generally serve to receive one or more pieces of electronic equipment 
and devices in such a way that the individual electronic components can operably 
interact with each other and/or with the electronic equipment enclosure. In some 
instances, such electronic equipment enclosures are configured to permit the use of one 
or more "plug-in" functional modules that electrically and mechanically interface with 
the electronic equipment enclosure and/or with other functional modules. 
[0005] More specifically, many electronic equipment enclosures include internal 
structures configured to removably receive one or more functional modules in a desired 
arrangement. Such internal structures are often referred to as "card cages." The card 
cage is configured so that a user can define the functionality of the electronic equipment 
enclosure by selecting particular functional modules to be employed in the electronic 

= equipment enclosure. In the event that it is desired to modify the functionality of a 

si 

i| particular electronic equipment enclosure, such changes can be made simply by 
i B positioning additional functional modules in the card cage of the electronic equipment 
§ H enclosure and/or by removing selected functional modules fi-om the card cage of the 
electronic equipment enclosure. 

[0006] The functionality implemented by any particular functional module or group of 
functional modules can vary widely. Notwithstanding their functional differences 
however, such functional modules may share a number of similar structural features. 
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[0007] For example, typical functional modules employed in conjunction with card 
cages include a printed circuit board, or "card," attached to a front panel that may 
include various indicators, readouts, and/or connectors. Circuitry disposed on the card 
conmumicates with such indicators, readouts and connectors and serves to implement 
the functionality associated with that particular functional module. Various connectors 
on the rear of the card permit communication between the functional module and other 
functional modules or components associated with the electronic equipment enclosure. 
Additionally, the front panel of the functional module typically includes a number of 
fasteners that engage corresponding structure of the card cage and thereby aid in 
removable retention of the functional module within the electronic equipment 
enclosure. 

[0008] Conventional card cages for receiving such functional modules typically consist 
of mounting rails, card guides, and a backplane, and can be oriented horizontally or 
vertically. A typical horizontal card cage consists of one or more uniformly spaced card 
slots. Each card slot can accommodate a single vmiformly sized functional module. The 
card slots are oriented horizontally and stacked vertically. Vertically oriented movmting 

g 2 = rails are located on the left and right sides at the front of the card cage. A backplane is 

S 2 < I ^ I 

Q i H ° 1 S positioned at the rear of the card cage. The backplane typically consists of a printed 

5 § § S S S circuit board containing connectors for each card slot. 

2 w g w 2 < 

g S < § g H [0009] Card guides are positioned on the left and right sides of the card cage and run 
^ from the front of the card cage back to the backplane. The card guides contain channels 

which guide the edges of the functional module PCB during insertion and align the 
connectors on the functional module with the corresponding backplane connectors. The 
functional modules are slid between corresponding pairs of card guides and the 
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retention fasteners on the ends of the module front panel engage the mounting rails. A 
functional module can be taller than a single card slot by incorporating a larger front 
panel and additional printed circuit boards. The module height generally must be a 
multiple of the single slot height. However, the width of the module is generally 
constrained by the distance between the mounting rails of the card cage. 
[0010] Such card cage arrangements serve to limit, at least, the size of the module, and 
corresponding card, that can be disposed within a single card cage slot. Thus, the 
fimctionality associated with a relatively wider functional module, such as might be 
required to permit the use of additional circuits and components, can only be 
implemented by positioning a series of relatively narrow cards above one another. As 
discussed below however, such arrangements can be problematic. 
[0011] For example, each separate card must have its own electrical coimection with 
the coimectors on the card cage backplane. Moreover, the separate cards may each 
require additional structure, circuitry, or connections such as cables, for electrical 
communication with adjacent, or other, cards in the card cage system. Such 
requirements contribute to relatively high production costs for functional modules 

= having these types of cards, and also serve to complicate installation. Further, in the 

i 

I event a functional module fails to operate properly, the use of a relatively larger number 
u of electrical interfaces and cormections impairs troubleshooting, diagnosis, and repair of 
^ the fiinctional module. 

[0012] The foregoing problems are likewise a matter of concern where two fimctional 
modules are arranged in an edge-to-edge type of arrangement. Moreover, such edge- 
to-edge arrangements implicate other problems as well. For example, conventional card 
cages configured to accommodate two single-wide cards in an edge-to-edge 
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arrangement necessarily include a central structural element that defines a guide rail on 
either side. The guide rails provide support to an edge of each of the single-wide cards 
when those cards are received in the card cage. However, the presence of the center 
guide rails effectively prevents use of a double-wide, or larger, card in the same slot. 
[0013] In particular, the center guide rails typically extend to the front of the equipment 
enclosure chassis and thus act to prevent insertion of the double-wide, or larger, card by 
blocking the path of the card edge. Thus, such configiirations materially impair, among 
other things, the flexibility and the usefulness of conventional electronic equipment 
enclosures by limiting the ability of the user to change the arrangement of cards used in 
the electronic equipment enclosure, and by acting as a constraint on the size of the 
functional modules that may be employed. 

[0014] Yet another area of concern with respect to typical arrangements of functional 
modules and card cages relates to the structures and devices typically employed to 
attach the fianctional module to the electronic equipment enclosure. In particular, many 
functional modules include a front panel with a flange that receives one or more screws 
positioned to engage the card cage rail and thereby secure the functional module to the 
= card-cage rail. Typically however, this flange is configured and arranged so as to 
I extend laterally beyond the periphery of the card. Thus configured, such modules 
S cannot be positioned edge-to-edge, even if the guide rails of the card cages would 
H otherwise permit such an arrangement, because the flanges and associated screws of the 
adjacent functional modules would mechanically interfere with each other. 
[0015] Accordingly, what is needed is a card cage system having features directed to 
addressing the foregoing exemplary concerns, as well as other concerns not specifically 
enumerated herein. An exemplary card cage system should permit a user to readily 
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customize the card cage to accommodate a variety of card sizes, types, configurations, 
and arrangements. 
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BRIEF SUMMARY OF AN EXEMPLARY EMBODIMENT 
OF THE INVENTION 

[0016] In general, embodiments of the invention are concerned with a card cage system 

that can be readily customized by a user to accommodate a variety of card sizes, types, 

configurations, and arrangements. 

[0017] In one exemplary embodiment of the invention, a card cage is provided that 
includes a middle card guide interposed in a spaced apart arrangement between first and 
second end card guides disposed within an electronic equipment enclosure. Each card 
guide defmes channels configured to removably receive a portion of an edge of a card. 
Further, at least the middle card guide defmes a slot that extends rearward fi-om the 
front end of the middle card guide and that is aligned with the chaimels defined by the 
middle card guide. 

[0018] The card cage further includes a plurality of adapter elements, each of which is 
configured to be removably received by a corresponding card guide. In the case of the 
middle card guide, at least, the adapter element blocks the entrance to the slot when the 
adapter element is positioned in the middle card guide. A chaimel defined by the 
adapter element is aligned with the channels defined by the middle card guide when the 
adapter element is thus positioned. 

[0019] The foregoing exemplary configuration thus provides for definition of at least 
two different card storage modes. In the first card storage mode, adapter elements are 
positioned in each of the three caid guides. The adapter element positioned in the 
middle card guide blocks the entrance to the slot defined by the middle card guide, 
thereby permitting two single-wide cards to be disposed in the card cage in a side-by- 
side arrangement. In particular, one edge of the first card is received in the channels 
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defined on one side of the middle card guide and the adapter element, while the 
opposing edge of the first card is received in the channel defined by an end card guide, 
so that the single-wide card is supported at its edges by the middle card guide and the 
end card guide. In general, the arrangement of the second, adjacent, card in the card 

cage mirrors the arrangement of the first card. 

[0020] Definition of the second card storage mode occurs when the middle card guide 
adapter element is removed, thereby clearing the entrance to the slot defined by the 
middle card guide, so as to allow insertion of a double-wide, or larger, card in the card 
cage. In particular, the leading edge of the double- wide card is received in the now 
open slot defined by the middle card guide so that the double-wide card straddles the 
middle card guide. The opposing side edges of the double-wide card are slidingly 
received in, respectively, the chaimels defined by the furst and second end card guides. 
[0021] Thus, a user can quickly and easily customize tiie card cage configuration to 
accommodate different card sizes, types, configurations and arrangements. Moreover, 
the adapter elements permit the card cage to be readily reconfigured without 
disassembling the chassis. These and other aspects of embodiments of the present 
= invention will become more fully apparent from the following description and appended 




km 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] In order that the manner in which the above-recited and other aspects of the 
invention are obtained, a more particular description of the invention briefly described 
above will be rendered by reference to specific embodiments thereof which are 
illustrated in the appended drawings. Understanding that these drawings depict only 
exemplary embodiments of the invention and are not therefore to be considered limiting 
of its scope, the invention will be described and explained with additional specificity 
and detail through the use of the accompanying drawings in which: 
[0023] Figure 1 is a fi-ont view illustrating various aspects of an embodiment of an 
electronic equipment enclosure that includes an exemplary arrangement of single-wide 
and double-wide functional modules; 

[0024] Figure 2A is a fi-ont perspective view of a single-wide fimctional module such as 
may be employed with embodiments of the card cage system; 

[0025] Figure 2B is a rear perspective view of the single-wide fimctional module 
illustrated in Figure 2A; 

[0026] Figure 3A is a front perspective view of a double-wide fimctional module such 
[^2 = as may be employed with embodiments of the card cage system; 

Q i 1 1 [0027] Figure 3B is a rear perspective view of a double-wide fimctional module 
5 § § S S G illustrated in Figure 3 A; 

^ St "53 

2 i 1 S 5 [0028] Figure 4 is a perspective view illustrating various features of an exemplary 



embodiment of an electronic equipment enclosure (cover removed for clarity) that 
includes a card cage system having multiple card guides; 

[0029] Figure 5A is a perspective view of an exemplary embodiment of a card guide 
and associated adapter element; 
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[0030] Figure 5B is a perspective view of an exemplary embodiment of an adapter 
element; 

[0031] Figure 5C is a detail perspective view of the exemplary adapter element 
illustrated in Figure 5B; 

[0032] Figure 5D illustrates various aspects of the relationship between the exemplary 
embodiments of the adapter element and the card guide depicted in, respectively. 
Figures 5B and 5C; 

[0033] Figure 6 is a perspective view that illustrates various features of the relation 
between an exemplary embodiment of the card cage system and a single-wide 
functional module, the card of the single-wide fimctional module having a portion cut 
away to reveal aspects of the relation between a card edge and the card guide; 
[0034] Figure 7 is a perspective view that illustrates various features of the relation 
between an exemplary embodiment of the card cage system and a double-wide 
fimctional module; and 

[0035] Figure 8 is a perspective view illustrating an exemplary combination of single- 
wide and double-wide fimctional modules within an electronic equipment enclosure, the 

g z = card of the double-wide fimctional module having a portion cut away to reveal aspects 

D s H ° 1 1 of the relation between a card edge and the card guide. 

r * 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE 



INVENTION 

[0036] Reference will now be made to figures wherein like structures will be provided 
with like reference designations. It is to be understood that the drawings are 
diagrammatic and schematic representations of various embodiments of the claimed 
invention, and are not to be construed as limiting the scope of the present invention in 
any way, nor are the drawings necessarily drawn to scale. 

[0037] Generally, embodiments of the invention concern a card cage system that can be 
quickly and easily customized to acconmiodate different functional module sizes, types, 
configurations and arrangements, hi exemplary embodiments of the mvention, 
fimctional modules of various sizes are accommodated within a card cage that includes 
a plurality of card guides and corresponding adapter elements. The card guides 
cooperate with the adapter elements to facilitate acconmiodation of different 
combinations of single-wide and double-wide, or larger, functional modules. 
[0038] In addition, exemplary embodiments of the card cage can be configured to 
accommodate various types and sizes of different functional modules in a variety of 
different arrangements. One or more uniformly sized card slots can be arranged in a 

S 

O § Bi = 

^ I > 1 1 " rectangular array consisting of some number of rows and columns. A single card slot 
^ 8 ;* 5 ^ ^ can accommodate a single size functional module or multiple card slots may be 
2 i t w ^ ^ combined fi-om adjacent rows and columns to accommodate functional modules that are 
O " "a multiple of the single size module in width, height or both. Reconfiguration of the 
card cage to accommodate a larger module does not impair the functionality or 
flexibility of adjacent card slots in any way. Additionally, the entire card cage can be 
configured so that the individual card slots are either horizontal or vertical. 
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[0039] It should be noted that although the particular description herein makes 
reference to a card cage system that can be configured to accommodate both single and 
double-wide functional modules in various arrangements, embodiments of the card cage 
system can be readily adapted to accommodate triple-wide, or larger, functional 
modules, in a variety of different arrangements. Further, the card cage system disclosed 
herein may also be readily configured to accommodate modules of different heights, 
such as double height, or larger, modules that include two or more printed circuit boards 
("PCB") in a stacked arrangement. The aforementioned aspects may also be combined 
in some embodiments, so that a card cage is implemented that is configured to 
accommodate a stacked arrangement of double height, or larger, modules that may or 
may not also be double-wide, or wider. 

[0040] The foregoing thus makes clear that embodiments of the invention are not 

limited to any particular card cage configuration. Rather, various embodiments of the 

card cage are able to accommodate, in a variety of arrangements, one or more functional 

modules of various heights and widths. Accordingly, the scope of the invention should 

not be construed to be limited to any particular card cage configuration. 

g = [0041] Reference is first made to Figure 1 wherein an exemplary embodiment of an 

in^il electronic equipment enclosure is denoted generally at 100, and includes a chassis 

§§aSo lOOA, various front connectors 102, a power switch 104, indicators 106, and rear 

I 1 1 H connectors 108 disposed on backplane 1 10 (see Figure 4). Altemative embodiments of 
* ' t 

electronic equipment enclosure 100 may be configured in any manner necessary to suit 
functional, dimensional and/or other applicable requirements. By way of example, 
electronic equipment enclosure 100 may have a nominal height of 2U, 3U or 6U, 
depending upon the requirements of a particular application, wherein each increment of 
-Page 13- 



lU corresponds to a distance of one-and-three-quarters (1.75) inches. Such dimensions 
are exemplary only however, and are not intended to limit the scope of the invention in 
any way. 

[0042] The illustrated embodiment of the electronic equipment enclosure 100 
additionally includes an exemplary arrangement of two single-wide functional modules 
200 and one double- wide functional module 300. It should be noted that, as used 
herein, 'single-wide' and 'double-wide' refer to functional modules that include an 
associated card having a nominal width that is some multiple of a predetermined 
dimension. The use of such notation herein should not, however, be construed in any 
way to limit the scope of the invention to cards and/or fimctional modules of particular 
dimensions or configurations. 

[0043] As discussed in greater detail elsewhere herein, the functional modules 200 and 
300 are removably secured to a card cage system 400 (see Figure 4) through the use of 
fasteners 202 and 302, respectively, that pass through corresponding lead-in structures 
203 (Figure 2B) and 303 (Figures 3B). Generally, the lead-in structures 203 and 303 
are configured and arranged to engage corresponding structure (see boss 514 in Figures 

pi 

Hz; = 5B and 5D) of an adapter element 500. The lead-in structures facilitate ready and 
Q I H u H I reliable positioning of the fasteners relative to the adapter element when it is desired to 
^ § II i B install a functional module in the card cage. 

Si^ii^ [0044] In the exemplary embodiment illustrated in Figure 1, fasteners 202 and 302 



comprise thumb screws that extend through corresponding front panels 204 and 304 of 
functional modules 200 and 300 respectively (see, e.g.. Figures 2A and 3A). The 

fasteners 202 and 302 each include a nose portion having a taper that is complementary 
with the card cage system structure, as discussed below. More generally however, any 
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other fastener or device having the functionality disclosed herein may alternatively be 
employed. 

[0045] Further, functional modules 200 and 300, such as may be employed in 

conjunction with the with card cage system 400, each include various electronic 
circuitry and devices (not shown) which are effective to implement their particular 
respective functionality, or functionalities. Exemplary functionality for functional 
modules 200 and/or 300 includes, but is not limited to, various types of multi-chaimel 
applications. 

[0046] Such electronic circuitry and devices communicate electrically with various 
components, functional modules and devices within, and/or external to, electronic 
equipment enclosure 100. In at least some embodiments, such electrical 
commimication is achieved, at least in part, through the use of connectors 210 and 310, 
respectively, that are electrically connected with the circuitry and devices of functional 
modules 200 and 300, respectively, and are configured and positioned to mechanically 
and electrically interface with corresponding rear connectors 108 disposed on the 
backplane 1 10 of electronic equipment enclosure 100. 
= [0047] As suggested above, the illustrated arrangement of fimctional modules is 
I exemplary only and is not intended to limit the scope of the invention. By way of 
D example, an alternative embodiment of electronic equipment enclosure includes four 
H single-wide functional modules 200 stacked in a double height, side-by-side 
arrangement, but does not include any double-wide functional modules 300. In such a 
double height arrangement, cards may, at the option of the user, be stacked on first and 
second card storage levels defined by the card cage system (see Figure 4). In other 
embodiments, triple height, or higher, arrangements may be employed. Yet another 
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alternative embodiment of the electronic equipment enclosure includes two double-wide 
flmctional modules 300 stacked one on top of the other, but does not include any single- 
wide functional modules 200. Yet another exemplary embodiment is configured to 
receive triple-wide, or larger, functional modules, either alone or in combination with 
functional modules of other sizes or configurations. 

[0048] More generally then, aspects pertaining to the arrangement of exemplary 
functional modules 200 and 300 in the electronic equipment enclosure 100 may be 
varied as necessary to suit the requirements of a particular application, and the scope of 
the invention should not be construed to be limited by the exemplary arrangements 
disclosed herein. 

[0049] Directing attention now to Figures 2A and 2B, further aspects of an exemplary 
embodiment of single-wide functional module 200, such as may be employed in 
connection with embodiments of card cage system 400 (Figure 4), are considered. 
Generally, single-wide functional module 200 includes a single-wide card 208, which 
comprises a printed circuit board ("PCB") in at least some embodiments, attached to the 
front panel 204. The single- wide card 208 includes a plurality of edges 208A that 
g z = define the length and width of single-wide card 208. 

[0050] Disposed on single-wide card 208 are various electronic circuitry and devices 
ilssB (not shown) which are effective to implement the particular fiinctionality, or 
I'^lsH functionalities, associated with single-wide functional module 200. In general, such 
circuitry (not shown) and devices (not shown) are arranged for electrical 
communication with various components, functional modules and devices within, 
and/or external to, electronic equipment enclosure 100 by way of the connectors 206, 
and/or connectors 210 disposed proximate an edge 208 A of card 208. 
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[0051] With continuing attention to Figures 2A and 2B, single-wide functional module 
200 includes a plurality of conductive elements 212 disposed about the perimeter of 
front panel 204. Generally, conductive elements 212 are useful in the control of 
electromagnetic emissions from the interior of elecfronic equipment enclosure 100, and 
thereby aid in the control and/or reduction of electromagnetic interference ("EMI") 
caused by components and circuitry associated with electronic equipment enclosure 
100. 

[0052] Directing attention now to Figures 3A and 3B, various details are provided 
concerning an exemplary embodiment of double-wide functional module 300 such as 
may be employed in coimection with embodiments of card cage system 400 (Figure 4) 
of electronic equipment enclosure 100. The double- wide functional module 300 
includes a double-wide card 308, which comprises a PCB in at least some 
embodiments, attached to the front panel 304. In general, double-wide card 308 
includes a plurality of edges 308A that define the length and width of double-wide card 
308. Moreover, double-wide card 308 defines a slot 308B having a predetermined 
length, and including opposing edges 308C spaced at a predetermined distance apart 
g z = from each other so as to cooperatively define a slot width. 

Q g ^ H 1 1 [0053] Disposed on double-wide card 308 are various electronic circuitry and devices 



I 1 1 ^ fimctionalities, associated with double-wide functional module 300. In general, such 
circuitry (not shown) and devices (not shown) are arranged for electrical 
conununication with various components, functional modules and devices within, 
and/or external to, electronic equipment enclosvire 100 by way of the coimectors 306, 
and/or connectors 310 disposed proximate an edge 308 A of card 308. 




shown) which are effective to implement the particular functionality, or 
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[0054] Similar to single-wide functional module 200, the exemplary embodiment of 
double-wide fimctional module 300 illustrated in Figures 3 A and 3B includes a plurality 
of conductive elements 312 disposed about the perimeter of front panel 304 that are 
useful in the control of electromagnetic emissions from the interior of electronic 
equipment enclosure 100, and thereby aid in the control and/or reduction of EMI caused 
by components and circuitry associated with electronic equipment enclosure 100. 
[0055] With the foregoing general aspects of various exemplary functional modules in 
view, attention is directed now to Figure 4, where various details are provided 
concerning an exemplary embodiment of card cage system 400 suited for use in 
implementing various desired arrangements of such functional modules within 
electronic equipment enclosure 100. 

[0056] In the illustrated embodiment, card cage system 400 includes three double 
height card guides that cooperate to define first and second card storage levels. The 

card guides, designated end card guides 402 and middle card guide 404, are disposed in 
a spaced-apart configuration with respect to each other. As suggested by the foregoing, 
variables such as, but not limited to, the number, height, width, length, spacing, and the 

05 

g 2 = number of card storage levels of end card guides 402 and middle card guide(s) 404 may 

Q p. 1 3S 

W 2? 1 1 3- 

Q i S ° i i be varied as necessary to suit the requirements of a particular application. 
5 § i S ° ^ [0057] Although end card guides 402 and middle card guide 404 are distinctively 
2 i i s 5 named herein, such card guides are substantially similar as regards many aspects of 
their construction and operation. Such standardized construction, for example, 
facilitates ready manufacturing of the card guides, and also contributes to ease of 
installation. In some embodiments, the card guides comprise various types of injection 
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molded plastic(s), however, any other suitable material(s) may alternatively be 
employed. 

[0058] With general reference to their construction and arrangement, end card guides 
402 and middle card guide 404 include connecting members 406 (see Figure 5A), or 
other suitable structure(s), that facilitate attachment of the card guide to the floor, lid, 
backplane 108, chassis lOOA and/or other structural elements of the electronic 
equipment enclosure 100. The illustrated connecting members 406 are exemplary only 
however, and any other structural configuration effective in providing comparable 
functionality may alternatively be employed. In at least some embodiments, connecting 
members 406 are configured and arranged to permit end card guides 402 and middle 
card guide 404 to be readily removed and reinstalled in electronic equipment enclosure 
100, or in another electronic equipment enclosure or system. 

[0059] Some embodiments of end card guides 402 and/or middle card guide 404 
additionally include one or more positioning members 407. Generally, positioning 
members 407 are constructed and arranged to aid in disposing the card guide at a 
desired location and orientation within electronic equipment enclosure 100. hi some 

Hz = embodiments, both connecting members 406 and positioning members 407 comprise 

Q i ^ ^ 1 1 integral portions of the card guide. 

5 i I S S S [0060] Directing attention now to Figure 5 A, and with continuing reference to Figure 4, 
g S < § g H fiirther details are provided concerning various aspects of end card guides 402 and 



middle card guide 404, as well as their relationship with one or more adapter elements 
500. As noted earlier, end card guides 402 and middle card guide 404 are substantially 

similar with respect to many aspects of their construction and operation. Accordingly, 
while the following discussion is directed to an exemplary embodiment of middle card 
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guide 404, it should be understood that, except as may be noted, such discussion is 
generally germane with respect to end card guides 402 as well. 

[0061] In the exemplary embodiment illustrated in Figures 4 and 5A, middle card guide 
404 comprises a double height card guide, that is, it is capable of accommodating two 
vertically stacked cards. In the illustrated embodiment, middle card guide 404 includes, 
on each side, upper and lower sets of sidewalls 404A that cooperate to define, 
respectively, upper and lower chaimels 404B (sidewalls 402A cooperate to define 
channels 402B in the case of end card guides 402, see Figures 6 and 8) whose open side 
is oriented substantially laterally with respect to middle card guide 404. In the 
illustrated embodiment, channels 404B defined in the middle card guide 404 start at 
back end 404C of middle card guide 404 and terminate some distance short of fi-ont end 
404D of middle card guide 404. In the exemplary embodiment illustrated in Figure 5A, 
the fi-ont end terminal point of channels 404B is denoted at 405. 

[0062] With respect to the channels defined by end card guides 402, at least two 
alternative arrangements may be employed. In one exemplary embodiment, the 
construction of the end card guides 402 contrasts with that of the middle card guides 
g z = 404 in that channels 402B of end card guides 402 run substantially the entire length of 
Q i H ° i i card guide 402. Alternatively however, end card guides 402 may be constructed 
g § J S S similar to middle card guides such that channels 402B of end card guides 402 terminate 

im 

i ^ § s H short of front end 402D of end card guide 402. 

* ~ t 

[0063] With continuing attention now to the exemplary illustrated embodiment of 
middle card guide 404, the height of sidewalls 404A and width of chaimel 404B are 
generally such as to permit a card edge 208A of card 208, or card edge 308A of card 
308 in the case of end card guide 402 (see Figures 6 through 8), to be slidingly received 
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in the channel 404B and substantially restrained from significant vertical motion by 
sidewalls 404A. Further, the spacing between middle card guide 404 and end card 
guides 402 is calculated to limit lateral motion of an inserted single-wide card when 
opposing card edges 208A of a single-wide card 208 are received in chaimels 404B and 
402B defined, respectively, by middle card guide 404 and end card guide 402. The 
same effect is likewise achieved when the opposing edges 3 08 A of double- wide card 
308, or the opposing edges of a larger card, are received in the end card guides 402. 
[0064] As suggested elsewhere herein, variables such as the number of channels in a 
particular card guide or set of card guides, may be varied so as to permit 
accommodation of more, or fewer, cards in the card cage system 400. Moreover, other 
aspects such as, but not limited to, the length, width, depth, disposition, and orientation 
of chaimels and/or aspects of other features of the card guides, may be varied as 
necessary to suit the requirements of a particular application or the use of a particular 
card. 

[0065] With continuing reference now to the illustrated embodiment. Figures 4 and 5A 
indicate that the two chaimels 404B on either side of middle card guide 404 are 

= separated by a support structure 404E that, among other things, provides structural 

si 

1 1 integrity to card cage system 400 and aids in the restraint of vertical and lateral motion 

sB of the received card. 

11 

Sfr [0066] Exemplarily, the support structure 404E comprises a web structure that is 
pimctuated by openings 404F that are sized and located to permit implementation of the 
support structure 404E while, at the same time, permitting the unrestricted flow of 
cooling air across the card cage and through the middle card guide 404 as compared 
with a solid structural member, vsdthout compromising the structural integrity of middle 
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card guide 404. Moreover, support structure 404E is configured and arranged to ensure 
adequate vertical clearance between two cards stacked in card cage system 400. 
[0067] The support structure illustrated is exemplary only however, and any other 
structure, or combination thereof, suitable for implementing comparable functionality 
may alternatively be employed. Further, it may be desirable in some instances to 
implement the support structure as a relatively solid structure instead of as a web 
structure. Accordingly, the scope of the invention should not be construed to be limited 
to arrangements such as those illustrated. 

[0068] As further illustrated in Figures 4 and 5A, the support structures 404E of middle 
card guide 404, at least, further define a slot 404G passing laterally through middle card 
guide 404 and located at the front end 404D adjacent to, and aligned with, channel 
404B. Similar to channels 404B, the sides of slot 404G are defmed by sidewalls 404A 
and the width of slot 404G is, in the exemplary illustrated embodiment, substantially the 
same as the width of charmel 404B. Moreover, support structure 404E is interposed 
between the two slots 404G. Similar to the case of channels 404B, aspects of the 
configuration of slot 404G, such as its width, may be varied as desired. Generally 

Hz = however, the width of slot 404G is such that slot 404G is able to slidingly receive at 

O ^ H w S I l^^st a portion of a card edge, such as 208A or 308A for example. 

Z 1 1 2 1 g [0069] With more particular attention now to Figure 5 A, at least middle card guide 404 
S 1 S ^ fiirther includes, in addition to other structural aspects disclosed herein, a receptacle 

^ 404H located proximate front end 404D and aligned with slot 404G. In general, 

receptacle 404H is configured and arranged so that adapter element 500 can be 
removably positioned therein. To that end, middle card guide 404 further includes a 
fastener recess 4041 that defines a hole 404J configured to receive a corresponding 
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fastener and thereby aid in the removable retention of an adapter element 500 in the 
card guide, as discussed below. 

[0070] In addition to the foregoing aspects, some exemplary implementations of the 
adapter element 500 fiirther include a pair of ramps 404K configured and arranged to 
cooperate with a mating tongue 522 of the adapter element 500 to implement various 
useful functionalities, as discussed in further detail below. The ramps 404K, or any 
comparable structures, are useful as well when no adapter element 500 is present. By 
way of example, the geometry and positioning of the ramps 404K prevent the edge of a 
card inserted into the receptacle 404H from getting jammed in the receptacle 404H. In 
particular, the ramps 404K serve to guide the edge of the inserted card into the slot 
404G defined by the card guide 404, regardless of the orientation of the card edge when 
it was initially inserted into the receptacle 404H. 

[0071] Directing particular attention now to Figure 5B, and with continuing attention to 
Figure 5 A, details are provided concerning aspects of an exemplary embodiment of the 
adapter element 500 such as is suitable for use in the above-described card cage 
environment. 

S z = [0072] In general, the illustrated embodiment of adapter element 500 comprises die cast 
Q I H ° i i metal, or other suitable material(s), and is configured to be removably positioned within 

^ § I S g u the receptacle 404H defined by a card guide, such as end card guide 402 or middle card 

S S < I 

2 I i s ^ guide 404, so as to facilitate ready customization of the card cage system 400 as 
^ necessary to suit desired card arrangements within electronic equipment enclosure 100. 

It should be noted that both the processes and materials used in the construction of the 
adapter element 500 may vary depending upon factors such as, but not limited to, the 
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requirements of a particular application or operating environment. Accordingly, the 
scope of the invention is not limited to the exemplary embodiments disclosed herein. 
[0073] More particularly, the illustrated embodiment of the adapter element 500 
comprises a card guide interface portion 500A and a functional module interface portion 
500B that, exemplarily, are integral with each other. In other implementations, the 
card guide interface portion 500A and functional module interface portion 500B 
comprise discrete elements that have been joined together to form the adapter element 
500. Additionally, and as suggested in the exemplary implementation of the adapter 
element 500 illustrated in Figure 5B, the card guide interface portion 500A may be 
configured to facilitate, to varying extents, both engagement of the adapter element 500 
with a card gviide and engagement of the adapter element 500 with a functional module. 
The same is likewise true with respect to the functional module interface portion 500B. 
[0074] Moreover, the particular configurations of the card guide interface portion 500A 
and the functional module interface portion 500B, and the manner in which the card 
guide interface portion 5 00 A and the functional module interface portion 500B are 
arranged with respect to each other and to the card guides and functional module, may 

Pi 

z = be varied as required. Accordingly, the scope of the invention should not be construed 
Q 1 H i S to be limited to any particular configuration of adapter element 500, nor to any 
Z § I s g o particular arrangement, configuration or functionality of either the card guide interface 

i i s ^ portion 500A or the functional module interface portion 500B. 

< " t 

[0075] With renewed attention now to Figure 5A, an exemplary card guide interface 
portion 500A includes a body 502 that defines an I-beam configuration having two 
flanges 504 that cooperate with an interconnecting web 506 to define channels 508 on 
either side of adapter element 500 that are substantially aligned with, for example, slot 
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404G and channels 404B of middle card guide 404, when adapter element 500 is 
positioned in receptacle 404H. When positioned in this way, adapter element 500 thus 
cooperates with middle card guide 404, for example, to define, on either side of the 
middle card guide 404, a channel that runs substantially the length of the middle card 
guide (see, e.g., Figure 5A). It should be noted here that the removable positioning of 
the adapter element 500 in one or more end card guides 402 is achieved in substantially 
the same fashion as that described above with respect to middle card guide 404. 
[0076] In some embodiments, the retention and stability of adapter element 500 is 
further aided by the presence of a foot 510 that is joined to the front end of the lower 
flange 504 of the body and that engages corresponding structure on the middle card 
guide 404. Structural elements such as foot 510 are exemplary only however, and any 
other suitable structure(s) effective in implementing the functionality herein may 
alternatively be employed. 

[0077] The functional module interface portion 500B of the illustrated embodiment of 
adapter element 500 exemplarily includes a first attachment member 512, which 
exemplarily comprises a substantially vertical wall, attached to tiie front end of the 
= upper flange 504. In this exemplary configuration, the first attachment member 512 

I includes a portion that extends outwardly some distance from the front face of the card 

G guide when the adapter element 500 has been positioned in the card guide (see Figure 5) 

1 

H and that defines two bosses 514 positioned to engage fasteners 202 or 302 of functional 
modules 200 or 300, respectively. 

[0078] With respect to the configuration of the bosses 514 thus defined, the illustrated 

embodiment provides for bosses 514 that are tapped in the first instance, thereby 
obviating the need for the addition of tapped inserts. Tapped inserts are useful however, 
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where the adapter element 500 is constructed of materials less robust than die cast 
metal, such as plastics for example. Moreover, some embodiments of the adapter 
element 500 further provide for bosses 514 and/or tapped inserts, as applicable, that 
further define a tapered coxmterbore configured and arranged to aid in the initial 

positioning of fasteners 202 or 302 (see Figure 5D). 

[0079J In addition, the card guide interface portion 500A of the illustrated embodiment 
of the adapter element 500 fiirther includes a second attachment member 516, which 
exemplarily comprises a chock positioned between the first attachment member 512 and 
the upper flange 504, and offset to one side of the upper flange 504. The second 
attachment member 516 of adapter element 500 defines a tapped retention screw hole 
518 adapted to engage the threads of a fastener 520 (see Figure 5C) passing through 
hole 404J of middle card guide 404. One consequence of this arrangement is that 
adapter element 500 can be removably joined to middle card guide 404, as indicated, for 
example, in Figures 5C and 5D. It should be noted that the removable positioning of 
the adapter element 500 in one or more end card guides 402 is achieved in substantially 
the same fashion as that described above with respect to middle card guide 404. 

= [0080] Finally, the card guide interface portion 500A of the illustrated embodiment of 

i 

I the adapter element 500 includes a tongue 522. As indicated in Figures 5A and 5B, the 
B tongue 522 is configured and arranged to cooperate with the upper and lower flanges 
H 504 of the adapter element 500 in accommodating the corresponding ramps 404K 
defined by the card guide so that relative motion between the adapter element 500 and 
the card guide is substantially prevented. It should be noted that the geometry of the 
tongue 522 and/or the ramps 404K may be varied as necessary to suit the requirements 
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of a particular application. For example, some implementations of the tongue 522 and 
ramps 404K are configured with straight, rather than curved, mating surfaces. 
[0081] As suggested by the foregoing, various structural elements and arrangements 
may be employed to removably attach the adapter element 500 to a card guide. As 
another example, some embodiments of the adapter element 500 are configured to snap 
into, and out of, complementary structure defined by the card guide, without 
necessitating the use of fasteners. 

[0082] The interface between the adapter element 500 and the end card guide 402 
and/or middle card guide 404 may include additional features as well. For example, in 
some embodiments, adapter element 500 and/or end card guide 402 and middle card 
guide 404 further comprise structural elements that, in general, serve to substantially 
prevent, or at least limit, the motion of the adapter element 500 relative to the card 
guide when the adapter element 500 is fully received in the card guide. Among other 
things, such arrangements serve to increase the structural rigidity of the card cage 400 
and contribute to the ease with which cards may be inserted into, and removed fi-om, the 
card cage 400. 

g z = [0083] Aspects of one example of such an arrangement are indicated in Figures 5A and 

S S * 5 5 X 

Q i H ^ I i 5B. In particular, the exemplary illustrated embodiment of the adapter element 500 
5 defines a slot 517 configured to engage the post 403 defined by a card guide wherein 

2 i i S 5 the adapter element 500 is received. The relatively close fit between the post 403 and 

slot 517 serves to substantially prevent relative motion between the adapter element 500 

and the mating card guide. 

[0084] Of course, a variety of other structural elements and arrangements may be 
employed to implement such functionality. Accordingly, the post/slot arrangement 
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described above comprises one exemplary structural implementation of a means for 
substantially preventing relative motion between an adapter element and a card guide 
when the adapter element is attached to the card guide. In another exemplary 
implementation, the adapter element includes one or more posts or similar structures 
protruding from the rear of the flanges and configured and arranged to be received in 
corresponding recesses defined by a card guide. In yet other implementations, the 
upper and lower flanges of the adapter element include tabs or other structures that 
cooperate with the flanges to form upper and lower U-shaped structures configured and 
arranged to receive portions of the card guide. The 'arms' of the U-shaped 
configuration thus substantially prevent relative motion between the adapter element 
and the card guide. Finally, some exemplary implementations include combinations of 
the tabs and posts described above. 

[0085] As suggested by the disclosure herein concerning various exemplary 
embodiments of the adapter element 500, a variety of structure(s) may alternatively be 
employed to perform the fiinctionality implemented thereby. Thus, the embodiments of 
adapter element 500 disclosed herein simply comprise exemplary structural 
gz = implementations of a means for facilitating definition of multiple card storage 

^Mil , . 

P § H li; H H configurations. 

§ § 1 3 g o [0086] By way of example, in one alternative embodiment, the adapter element remains 

S e p < ^ 

g I < i o H attached to its associated card guide at all times and is configured to be moved between 

o< ~ ^ 

first and second positions that correspond to different card storage configurations. In 
some embodiments, the means for facilitating defmition of multiple card storage 
configurations comprises a plurality of adapter elements. For example, in a card cage 
system that includes two or more card middle card guides interposed between a first and 
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second end card guide, at least two adapter elements, that is, those received in the 
middle card guides, would be used to change the card storage configuration. 
[0087] Accordingly, it should be understood that such structural configurations are 
presented herein solely by way of example and should not be construed as limiting the 
scope of the present invention in any way. Rather, any other structure or combination 
of structures effective in implementing the functionality disclosed herein may likewise 
be employed. 

[0088] With reference now to Figure 5D, further details are provided concerning the 
relation between an exemplary embodiment of the adapter element 500 and the card 
guides, as such relation concerns the positioning and retention of various configurations 
of functional modules in the card cage system. 

[0089] In particular, when positioned and retained in receptacle 404H of the middle 
card guide 404, adapter element 500 cooperates with middle card guide 404 such that an 
edge 208A of a single-wide card 208, for example, is received simultaneously in 
channel 508, slot 404G, and chaimel 404B. Note that, in the case where the adapter 
element 500 is disposed in an end card guide 402, the edge 208A of a single-wide card 
= 208, the edge 308A of a double-wide card 308, or the edge of a larger card, is thus 



Q i if ^ e fi received. 



< § 1 o ° w [0090] With continuing reference to the exemplary use of the adapter element 500 in 

2 w ^ u < ^ 

sf'^is^ the middle card guide 404, the opposing edge of the single-wide card is likewise 

i' ' ^ 

received in the corresponding structure of the adjacent end card guide 402 and its 
associated adapter element. Because adapter element 500, similar to middle card guide 

404, includes a channel 508 on either side, an additional single-wide card can be 
likewise be positioned on the opposing side of adapter element 500, such that two 
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single-wide cards are disposed in a side-by-side arrangement at the same card storage 
level. 

[0091] At the same time as adapter element 500 cooperates with middle card guide 404 
to accommodate one or more single-wide cards, web 506 of adapter element 500 
substantially blocks the entrance to slot 404G defined by middle card guide 404, 
thereby preventing insertion of a double-wide, or larger, card at that card storage level. 
However, other receptacles 404H of card cage system 400 may be left open, thereby 
allowing insertion of a double-wide, or larger, card in another location within the card 
cage system, as discussed elsewhere herein. 

[0092] Once positioned thus in card cage system 400, a card, such as single-wide card 
208 of single-wide functional module 200 or double-wide card 308 of double-wide 
functional module 300 for example, is securely retained in position by the engagement 
of fasteners 202 or 302, as applicable, with the threaded bosses 514 defined by the first 
attachment member 5 12 of adapter element 500. As particularly indicated in Figure 5D, 
fastener 202 defines a circumferential slot 202 A configured to receive an e-clip 214. In 
general, e-clip 214 prevents fastener 202 from being fiilly withdrawn fi-om single- wide 
g z = module 200. Fastener 302 is similarly retained in double wide fimctional module 300. 
OiH°ii [0093] As fiirther specifically indicated in Figure 5D, a spring 216 is provided that 
5 §|SSB serves to urge fastener 202 away from boss 514 when the fastener 202 is disengaged 

S < I 

S I § 1 H therefi-om. Finally, a tapered nose portion 202B of fastener 202 aids in the initial 
^ alignment of fastener 202 with boss 514 which, as noted earlier, exemplarily includes a 

complementary countersink wherein tapered nose portion 202B is initizilly received. 
The tapered nose portion 202B also precludes binding of fastener 202 when it is brought 
into engagement with boss 514. Note that while the preceding discussion has primarily 
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been directed to fastener 202, such discussion is equally germane to fasteners of other 
functional modules as well. 

[0094] At any time after installation of a functional module, removal and/or 
replacement of that functional module is readily effected by simply disengaging the 
fasteners of the functional modules from the corresponding holes of the associated 
adapter element(s) 500. In coimection with the foregoing, it should be noted that the 
use, or not, of the adapter element 500 does not compromise the functionality of any of 
the card slots. That is, one or more functional modules can be arranged in any 
configuration or combination desired by a user without impairing in any way the 
functionality of such functional modules, or the device in which they are received. 
[0095] Thus, one aspect of the adapter element 500 is that it permits the fasteners 202 
of the single-wide functional module 200, for example, to be positioned in such a way 
that a single-wide functional module 200 can be installed and used, for example in a 
side-by-side arrangement with another functional module, without interfering in any 
way with the adjacent functional module. However, while the foregoing aspect of the 
invention is considered in light of a side-by-side arrangement of two single-wide 
g z = functional modules, such aspect is equally germane to side-by-side, or vertically 
Q I H ^ i H stacked, arrangements of functional modules of any size. Further, as the disclosure 
12 § I S S G herein makes clear, the use of one or more adapter elements 500 permits the card cage 
g § 8 ^ to be readily reconfigured without disassembling the chassis within which the card cage 
^ is disposed. 

[0096] As suggested by the foregoing, embodiments of the card cage system 400 can be 
readily customized to accommodate different combinations and arrangements of cards 
of various sizes, types and configurations. Directing attention now to Figures 6 through 
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8, details are provided concerning exemplary functional module arrangements that may 
be implemented within embodiments of card cage system 400. Of course, such 
arrangements are exemplary only and are not intended to limit the scope of the 
invention in any way. 

[0097] With particular reference first to Figure 6, aspects of a configuration wherein 
two single-wide functional modules 200 may be situated in a side-by-side arrangement 
are indicated, hi this exemplary configuration, an adapter element 500 is present in 
recesses 402H and recess 404H, respectively, of each of the card guides 402 and 404 of 
the upper card storage level. As a result, two single-wide fimctional modules 200 can 
be placed in a side-by-side configuration in the upper card storage level. 
[0098] In particular, the opposing edges 208A of card 208 are slidingly received in the 
charmels 402B and 404B defined by end card guide 402 and middle card guide 404, 
respectively, as suggested in Figure 6. The functional module 200 is then advanced mto 
the card cage system until the rear surface of front panel 204 contacts the front surface 
of the adapter element 500 in the middle card guide 404 and the corresponding adapter 
element 500 in the end card guide 402. At this point, the connectors 210 are in 
g z = mechanical and electrical communication with rear connectors 108 of the electronic 
^Inisl equipment enclosure 100. The functional module 200 is then removably secured in 

^ 1 1 S 1 B position by engaging the fasteners 202 with the adapter element 500 and tightening the 

S S ^ w ^ ^ 

2 i § 1 5 fasteners 202 securely. While only one single-wide fimctional module 200 is illustrated 



in Figure 6, it can readily be seen that another single-wide functional module 200 may 
be positioned immediately adjacent to the illustrated single-wide functional module 200 
in a similar fashion. 
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[0099] Directing attention next to Figure 7, aspects of a configuration wherein a single 
double-wide functional module 300 may be situated in the card cage system 400 are 
indicated. In this exemplary configuration, an adapter element 500 is present in each of 
the end card guides 402 but not in middle card guide 404. Thus, a double-wide 
functional module 300 can be readily positioned in the upper card storage level by 
selective employment of the adapter elements 500 in the card cage 400. 
[00100] In particular, the opposing edges 308A of card 308 are slidingly received 
in the channels 402B defined by the end card guides 402, as suggested in Figure 7. At 
the same time, the opposing edges 308C of a slot 308B of card 308 engage channels 
404B disposed on either side of the middle card guide 404 (see, e.g., Figure 5A) so that 
card 308 straddles, and is supported by, the middle card guide 404, as well as being 
supported at its edges 308A by the end card guides 402. This resuh is due to the fact 
that when an adapter element 500 is not present in the middle card guide 404, card 308 
is able to enter slot 404G and travel along the middle card guide 404 until card 308 is 
positioned as described above. 

[00101] At this point, the connectors 310 are in mechanical and electrical 
g z = commxmication with rear connectors 108 of the electronic equipment enclosure 100. As 
Q i H ^ i ^ with the single- wide functional module 200, the double- wide functional module 300 can 
Z g I S g □ then be removably secured in position by engaging the adapter elements 500 in end card 
2 i * § S S guides 402 with the fasteners 302 and tightening the fasteners securely. Thus, one or 

more adapter elements 500, in cooperation with one or more middle card guide(s) 404 

and end card guides 402, facilitate the use of double-wide, or larger, cards within card 

cage system 400. 
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[00102] The foregoing and other aspects of the card cage system 400 are usefiil at 
least because they facilitate implementation of a relatively higher level of functionality, 
by virtue of the double-wide or larger card configuration, even in those electronic 
equipment enclosures that are subject to relatively restrictive dimensions or form 
factors, such as a 2U height equipment enclosure for example. Moreover, such aspects 
of the card cage system 400 eliminate the need, in many cases, for the connecting cables 
or other devices, that might otherwise be required to establish commvmication between 
two related, but separate, single-wide cards. 

[00103] In addition to facilitating use of relatively large cards such as double- 
wide and larger cards, embodiments of the card cage system 400 are well-suited for the 
implementation of various arrangements of one or more single-wide cards in 
conjunction with one or more double-wide, or larger, cards. Aspects of one such 
exemplary arrangement are illustrated in Figure 8. 

[00104] In particular. Figure 8 indicates an exemplary arrangement wherein a 
double-wide functional module 300 is positioned in the card cage system 400 of the 
electronic equipment enclosure 100 simultaneously with one or more single-wide 
§ z = functional modules 200. As suggested by the discussion of Figures 6 and 7, the 
Q i H ^ I i exemplary arrangement illustrated in Figure 8 may generally be achieved by positioning 
^ § 1 2 g u adapter elements 500 in each of the card guides at the lower card storage level, so as to 
2 i ^ i 1 ^ permit a side-by-side installation of two single-wide functional modules 200 at that 
^ level. 

[00105] At the upper card storage level of card cage system, adapter elements 
500 are positioned in the end card guides 402, but not in the middle card guide 404. As 
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noted earlier, this configuration of the card cage system 400 permits a double-wide, or 
larger, card to be inserted into, and supported by, the card cage system 400. 
[00106] The capability of card cage system 400 to accommodate one or more 
such double-wide, or larger, cards either alone or in combination with functional 
modules having other variously sized cards is useful because it permits implementation 
of a relatively higher level of functionality, by virtue of the double-wide or larger card 
configuration, even in those electronic equipment enclosures that are subject to 
relatively restrictive dimensions or form factors, such as a 2U height equipment 
enclosure for example. Moreover, such aspects of card cage system 400 eliminate the 
need, in many cases, for the connecting cables or other devices, that might otherwise be 
required to establish communication between two related, but separate, single-wide 
cards. 

[00107] As suggested by the disclosure herein concerning exemplary 
embodiments of the adapter element as selectively employed in connection with a card 
cage, the presence of one or more adapter elements in the card cage has various useful 
implications, and the same is likewise true with respect to the absence of adapter 

= elements from one or more card guides of the card cage. Examples of such implications 

I are considered below. 

B [00108] With respect to the former case, where one or more adapter elements are 

1 

H present in the card cage, the installed adapter elements provide, among other things, a 
mounting point for the fasteners of the functional module. In addition, the chaimels 
defined on either side of the installed adapter elements serve to guide the edge of a 
single wide functional module as the single wide fimctional module is inserted into the 
card cage. 
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[00109] In the latter situation, the absence of the adapter element from the middle 
card guide, for example, means that the receptacle defined by the middle card guide is 
available to accommodate a double wide or larger functional module. Moreover, the 
absence of an adapter element from the middle card guide and the elimination of 
the center mounting fasteners from a double wide or larger functional module means 
that more space on the front panel is thus made available for connectors, indicators or 
other components. 

[00110] Thus, embodiments of the invention provide for, among other things, a 
relatively more efficient card storage system, while also providing for a high degree of 
flexibility in terms of the card storage arrangements that may be implemented. 
Moreover, embodiments of the card cage system also contribute to the ease with which 
such implementation may be achieved. 

[00111] The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 

S 2 = description. All changes which come within the meaning and range of equivalency of 

O i H ° I H the claims are to be embraced within their scope. 

iPi 
r ^ 
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